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(57) To provide a method for producing a fluorinated polymer which enables stable production of a fluorinated polymer
having a high molecular weight at a high polymerization rate with good productivity and reduced environmental burdens,
a method for producing a fluorinated polymer having functional groups, and a method for producing an electrolyte
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A method for producing a fluorinated polymer, which comprises polymerizing a monomer mixture containing
tetrafluoroethylene and a fluorinated monomer having a group convertible to a sulfonic acid group or a carboxylic acid
group in a polymerization medium, wherein the polymerization medium contains as the main component a C,_4 cyclic
hydrofluorocarbon. Further, a method for producing a fluorinated polymer having functional groups and a method for
producing an electrolyte membrane, employing the production method.

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 643 728 A1
Description
TECHNICAL FIELD

[0001] The present invention relates to methods for producing a fluorinated polymer, a fluorinated polymer having
functional groups and an electrolyte membrane.

BACKGROUND ART

[0002] Fluorinated polymers having functional groups make membranes useful as ion exchange membranes. For
example, membranes of a fluorinated polymer having carboxylic acid type functional groups or a fluorinated polymer
having sulfonic acid type functional groups are used in alkali chloride electrolysis for production of an alkali hydroxide
and chlorine from an aqueous alkali chloride such as seawater. Membranes of a fluorinated polymer having sulfonic
acid type functional groups are known as ion exchange membranes used in fuel cells as electrolyte membranes.
[0003] As the fluorinated polymers, fluorinated polymers obtained by copolymerizing a fluorinated monomer having a
carboxylic acid type functional group or a sulfonic acid type functional group such as perfluorovinyl ether and a fluorinated
olefin such as tetrafluoroethylene are known (Patent Document 1). For production of such fluorinated polymers, polym-
erization of a fluorinated monomer having a group convertible to a sulfonic acid group and tetrafluoroethylene ina C,_4,
linear hydrofluorocarbon as a polymerization medium has been proposed.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0004] Patent Document 1: Japanese Patent No. 3356474
DISCLOSURE OF INVENTION

TECHNICAL PROBLEM

[0005] Heretofore, fluorinated polymers having a high molecular weight are sometimes difficult to produce by polym-
erization of a fluorinated monomer having a group convertible to a carboxylic acid group or a sulfonic acid group and
tetrafluoroethylene by the process disclosed in Patent Document 1. In view of productivity of a fluorinated polymer, a
high polymerization rate is also important. Besides, it is also important to use a polymerization medium having a lower
global warming potential (GWP) than linear hydrofluorocarbons such as CF5;(CF,)CHF, having a GWP of 2,000, to
reduce the environmental burden.

[0006] The object of the present invention is to provide a method for producing a fluorinated polymer which enables
stable production of a fluorinated polymer having a high molecular weight at a high polymerization rate with good
productivity and reduced environmental burdens, a method for producing a fluorinated polymer having functional groups,
and a method for producing an electrolyte membrane, employing the production method.

SOLUTION TO PROBLEM

[0007] Hydrofluorocarbons with low GWPs easily decompose in the atmosphere. Therefore, hydrofluorocarbons with
low GWPs are vulnerable to OH radicals and, when used as a polymerization medium in radical polymerization, promote
chain transfer reactions during the polymerization and hardly achieve sufficient molecular weights. However, according
to studies by the presentinventors, it was found that the chain transfer reaction is sufficiently suppressed in polymerization
of a fluorinated monomer having a group convertible to a carboxylic acid group or a sulfonic acid group and tetrafluor-
oethylene, and a high molecular weight fluorinated polymer can be stably obtained, by using as a polymerization medium
a C,_4 cyclic hydrofluorocarbon even with a low GWP. They have further found that the polymerization rate is high as
compared with a case where a chain hydrofluorocarbon is used, and accomplished the present invention.

[0008] The present invention provides the following.

[11 A method for producing a fluorinated polymer, which comprises polymerizing a monomer mixture containing
tetrafluoroethylene and a fluorinated monomer having a group convertible to a sulfonic acid group or a carboxylic
acid group in a polymerization medium, wherein the polymerization medium contains as the main component a
C4.19 cyclic hydrofluorocarbon.

[2] The production method according to the above [1], wherein the fluorinated monomer is a vinyl ether having a
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group convertible to a sulfonic acid group or a carboxylic acid group.

[3] The production method according to the above [1] or [2], wherein the proportion of tetrafluoroethylene is from 5
to 70 mol%, and the proportion of the fluorinated monomer is from 30 to 95 mol% to the total amount of the monomer
mixture.

[4] The production method according to any one of the above [1] to [3], wherein the fluorinated polymer has a TQ
value of from 150 to 340°C.

[5] The production method according to any one of the above [1] to [4], wherein the fluorinated monomer contains
at least one member selected from the group consisting of a monomer represented by the following formula (m1)
and a monomer represented by the following formula (m2):

CF, = CF(CF,),~(Og)-(CF,CFX1)~(0)s(CF,)-(CF,CFX2) AT - (m1)
Q'"'-s0.F
CF2 = CF(CF2) OCF2-CZ' o+ +(m2)
Q'*-s0:F

wherein X! and X2 are each independently a fluorine atom or a trifluoromethyl group, A' is a group convertible to a
sulfonic acid group or a carboxylic acid group, pis Oor 1, qis 0 or 1, ris an integer of from O to 3, sis 0 or 1, tis an
integer of from 0 to 12, u is an integer of from 0 to 3, and 1 = r+u; and Q" is a perfluoroalkylene group which may
have an etheric oxygen atom, Q'2 is a single bond or a perfluoroalkylene group which may have an etheric oxygen
atom, Z' is a fluorine atom or a monovalent perfluoroorganic group, and v is 0 or 1.

[6] The production method according to any one of the above [1] to [5], wherein the fluorinated monomer is
CF,=CFOCF,CF(CF3)OCF,CF,SO,F, CF,=CFOCF,CF,SO,F, CF,=CFOCF,CF,CF,CF,SO,F or
CF,=CFCF,0OCF,CF,CF,SO,F.

[7] The method for producing a fluorinated polymer according to any one of the above [1] to [5], wherein the fluorinated
monomer is the following monomer (m2-1), (m2-2) or (m2-3):

 CF2CF2—802F
CFg:CFOCFz"C\I:" (m2-1)
OCF,CF,—SO0,F

/CF20CF,CF,—S0,F
CF,=CFOCF2—CF (m2-2)
OCF,CF,—S0,F

/CF20CF2CF,—SO,F
CF,=CFCF,0CF2—CF (m2-3)
OCF,CF,—S0,F

[8] The production method according to any one of the above [1] to [7], wherein the cyclic hydrofluorocarbon has
fluorine atoms in the same number or more as hydrogen atoms.

[9] The production method according to any one of the above [1] to [8], wherein the cyclic hydrofluorocarbon is
1,1,2,2,3,3,4-heptafluorocyclopentane or 1H,2H-octafluorocyclopentane.

[10] The production method according to any one of the above [1] to [9], wherein the content of the cyclic hydrofluor-
ocarbon is at least 50 mass% in the entire polymerization medium.

[11] A method for producing a fluorinated polymer having functional groups, which comprises producing a fluorinated
polymer by the production method as defined in any one of the above [1] to [10], and converting groups convertible
to sulfonic acid groups in the fluorinated polymer to sulfonic acid groups, or converting groups convertible to carboxylic
acid groups to carboxylic acid groups.
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[12] A method for producing an electrolyte membrane, which comprises producing a fluorinated polymer by the
production method as defined in any one of the above [1] to [10], forming a membrane by using the fluorinated
polymer, and then converting groups convertible to sulfonic acid groups to sulfonic acid groups, or converting groups
convertible to carboxylic acid groups to carboxylic acid groups.

[13] A method for producing an electrolyte membrane, which comprises producing a fluorinated polymer having
functional groups by the production method as defined in the above [11], and forming a membrane by using the
fluorinated polymer having functional groups.

[14] The production method according to the above [12] or [13], wherein the fluorinated polymer having functional
groups has an ion exchange capacity of from 0.5 to 2.5 meq/g dry resin.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the present invention, a high molecular weight fluorinated polymer and a fluorinated polymer
having functional groups can be stably produced at a high polymerization rate with good productivity, and environmental
burdens can be reduced. Further, excellent productivity of an electrolyte membrane is achieved.

DESCRIPTION OF EMBODIMENTS

[0010] The following definitions of terms are applicable throughout Description and Claims.

[0011] A "unit" generally means an atomic group directly formed by polymerization of one molecule of a monomer and
an atomic group obtained by chemical conversion of a part of the atomic group.

[0012] An "etheric oxygen atom" means an oxygen atom (-C-O-C-) present singly between carbon atoms.

[0013] A "sulfonic acid group" generally means -SO4H and SO;M? (wherein M is a monovalent metal ion or an
ammonium ion in which at least one hydrogen atom may be substituted by a hydrocarbon group).

[0014] A "carboxylic acid group" generally means -COOH and -COOM?2 (wherein M2 is a monovalent metal ion or an
ammonium ion in which at least one hydrogen atom may be substituted by a hydrocarbon group.

[0015] A "precursor group" generally means a group convertible to a sulfonic acid group and a group convertible to a
carboxylic acid group.

[0016] An "ion exchange group" generally means a sulfonic acid group and a carboxylic acid group.

[0017] A"TQvalue"is anindex to the molecular weight and the softening temperature of a polymer. A higher TQ value
means a higher molecular weight. It is a temperature at which an amount of the polymer extruded becomes 100 mm3/sec
when the polymer is subjected to melt extrusion using a nozzle having a length of 1 mm and an inner diameter of 1 mm
under an extrusion pressure of 2.94 MPa.

[0018] In this specification, a monomer represented by the formula (m1) will be referred to as "monomer (m1)". The
same applies to monomers represented by other formulae.

[0019] Tetrafluoroethylene will be referred to as "TFE".

[0020] A hydrofluorocarbon will be referred to as "HFC".

[0021] A fluorinated monomer having a precursor group will be referred to as a "monomer (m)".

[0022] Units based on a monomer (m) will be referred to as "units (m)". The same applies to units based on other
monomers.

[0023] An ion exchange capacity will be referred to as "AR".

[Method for producing fluorinated polymer]

[0024] The method for producing a fluorinated polymer of the present invention is a method for producing a fluorinated
polymer, which comprises polymerizing a monomer mixture containing TFE and a monomer (m) in a polymerization
medium, wherein the polymerization medium contains as the main component a C,_4o cyclic HFC.

[0025] The monomer mixture is a mixture of monomers forming units of a fluorinated polymer by polymerization. The
monomer mixture contains as essential components TFE and the monomer (m).

[0026] The group convertible to a sulfonic acid group may, for example, be -SO,X (wherein X is a fluorine atom, a
chlorine atom or a bromine atom) or -SO,R" (wherein R' is a perfluoroalkyl group which may have an etheric oxygen
atom). Among them, -SO,X is preferred, and -SOF is particularly preferred.

[0027] The perfluoroalkyl group as R may be linear or branched and is preferably linear. The number of carbon atoms
of the perfluoroalkyl group is preferably from 1 to 6, more preferably from 1 to 4. The perfluoroalkyl group is preferably
a perfluoromethyl group or a perfluoroethyl group.

[0028] In a case where the perfluoroalkyl group as R’ has an etheric oxygen atom, the number of the etheric oxygen
atom may be one, or may be two or more. Further, the etheric oxygen atom may be inserted in a carbon atom-carbon
atom bond of the perfluoroalkyl group, but is not inserted at the carbon atom bond terminal.
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[0029] The group convertible to a carboxylic acid group may, for example, be -COOR2 (wherein R is a Cq_4 alkyl
group), -CN or -COZ (wherein Z is a halogen atom). Among them, the group convertible to a carboxylic acid group is
preferably -COOR?2, particularly preferably -COOCH;.

[0030] As the monomer (m), only one of the fluorinated monomer having a group convertible to a sulfonic acid group
and the fluorinated monomer having a group convertible to a carboxylic acid group may be used, or both may be used.
The present invention is more effective in a case where the fluorinated monomer having a group convertible to a sulfonic
acid group is used as the monomer (m).

[0031] The monomer (m) may, for example, be a monomer (m1) or a monomer (m2). In view of easy production, it is
preferred that the monomer (m) contains at least one member selected from the group consisting of the monomer (m1)
and the monomer (m2), and it is more preferred that the monomer (m) is at least one member selected from the group
consisting of the monomer (m1) and the monomer (m2).

[0032] Further, in view of good reactivity at the time of polymerization, the monomer (m) is preferably a vinyl ether,
more preferably a perfluorovinyl ether.

[0033] Asthe monomer (m), only one of the monomer (m1) and the monomer (m2) may be used, or both the monomer
(m1) and the monomer (m2) may be used.

[0034] The monomer (m1)is a monomer represented by the following formula (m1).

CF, = CF(CF,)y~(04)-(CF,CFX),~(0)g-(CF)-(CF,CFX2) -Al -- (m1)

[0035] In the formula (m1), X! and X2 are each independently a fluorine atom or a trifluoromethyl group, Al is a group
convertible to a sulfonic acid group or a carboxylic acid group, pis0or 1, qis O or 1, ris an integer of from 0 to 3, s is
0 or 1, tis an integer of from 0 to 12, u is an integer of from 0 to 3, and 1 = r+u.

[0036] A'is preferably -SO,X or -COORZ, more preferably -SO,F or -COOCHS,, particularly preferably -SO,F. q is
preferably 1. Whenbothtand uare 0, sis 0. tis preferably an integer of from 1 to 8, more preferably aninteger of from 1 to 4.
[0037] Specific examples of the monomer (m1) include CF,=CFOCF,CF(CF3;)OCF,CF,SO,F,
CF,=CFOCF,CF,SO,F, CF,=CFOCF,CF,CF,CF,SO,F, CF,=CFCF,0CF,CF,CF,SO,F and
CF,=CFCF,0CF,CF,SO,F.

[0038] As specific examples of the monomer (m1), the following may be mentioned.

CF,=CF-O-CF,CF,-COOCHj3, CF,=CF-O-CF,CF,-CF,-COOCH,, CF,=CF-O-CF,CF,-CF,CF,-COOCH,, CF,=CF-O-
CF,CF,-CF,CF,-CF,-COOCHj, CF,=CF-O-CF,CF,-O-CF,CF,-COOCHj, CF,=CF-O-CF,CF,-O-
CF,CF,-CF,-COOCHj3, CF,=CF-O-CF,CF,-O-CF,CF,-CF,CF,-COOCH, CF,=CF-0O-CF,-CF,CF,-O-
CF,CF,-COOCHj;, CF,=CF-O-CF,CF(CF3)-O-CF,CF,-COOCH,, CF,=CF-O-CF,CF(CF3)-O-CF,-CF,CF,-COOCHj.
[0039] As the monomer (m1), in view of easy production of the fluorinated polymer and easy industrial application,
preferred is CF,=CFOCF,CF(CF3;)OCF,CF,SO,F, CF,=CFOCF,CF,SO,F, CF,=CFOCF,CF,CF,CF,SO,F,
CF,=CFCF,0OCF,CF,SO,F, CF,=CF-O-CF,CF,-CF,-COOCH,;, CF,=CF-O-CF,CF,-O-CF,CF,-CF,-COOCHj,, or
CF,=CF-O-CF,CF(CF3)-O-CF,CF,-COOCH,.

[0040] The monomer (m1) may be used alone or in combination of two or more.

[0041] The monomer (m1) may be produced, for example, by the method disclosed in D.J. Vaugham, "Du Pont
Inovation", Vol. 43, No. 3, 1973, p. 10 or the method disclosed in Examples of U.S. Patent No. 4358412.

[0042] The monomer (m2)is a monomer represented by the following formula (m2).

Q'"'-sO.F

CF2 = CF(CF2)yOCF2~CZ' cee(m2)
N\ a2
Q" ~S0OF

[0043] In the formula (m2), Q11 is a perfluoroalkylene group which may have an etheric oxygen atom, Q'2 is a single
bond or a perfluoroalkylene group which may have an etheric oxygen atom, Z' is a fluorine atom or a monovalent
perfluoroorganic group, and v is 0 or 1. The single bond means a direct bond of the carbon atom of CZ' and the sulfur
atom of SO,F.

[0044] In a case where the perfluoroalkylene group as each of Q'! and Q12 has an etheric oxygen atom, the number
of the etheric oxygen atom may be one or may be two or more. The etheric oxygen atom may be inserted in a carbon
atom-carbon atom bond of the perfluoroalkylene group or may be inserted at the carbon atom bond terminal, but is not
inserted at the terminal directly bonded to the sulfur atom. The perfluoroalkylene group may be linear or branched and
is preferably linear.

[0045] The number of carbon atoms of the perfluoroalkylene group is preferably from 1 to 6, more preferably from 1
to 4. When the number of carbon atoms is at most 6, the monomer tends to have a low boiling point, whereby purification
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by distillation will be easy. Further, when the number of carbon atoms is at most 6, a decrease of the ion exchange
capacity of the resulting fluorinating polymer is suppressed, and a decrease of the conductivity is suppressed.

[0046] Q'2is preferably a C4_4 perfluoroalkylene group which may have an etheric oxygen atom. In the case of such
a group, as compared with a case where Q12 is a single bond, a polymer electrolyte fuel cell when operated over a long
period of time will be excellent in the stability of the power generation performance.

[0047] At least one of Q'' and Q'2 is preferably a C, 4 perfluoroalkylene group which may have an etheric oxygen
atom. A monomer having such a group can be prepared without fluorination reaction with a fluorine gas, and can easily
be produced with good yield.

[0048] Z'is preferably a fluorine atom or a C4_g linear perfluoroalkyl group which may have an etheric oxygen atom,
more preferably a fluorine atom.

[0049] As the monomer (m2) in view of easy production of the fluorinated polymer and easy industrial application,
preferred is a monomer (m2-1), (m2-2) or (m2-3).

 CF2CF2—S0zF
CF2=0FOCF2——C\|—: (m2-1)
OCF,CF—S0,F

/ConCF2CF2—SOQ F
CFo=CFOCF2—CF {m2-2)
OCF,CF;—80.F

y CF,0CF.CF—S0,F
CF,=CFCF,0CF2—CF (m2-3)
OCF,CFp—S0,F

[0050] The monomer (m2) may be used alone or in combination of two or more. The monomer (m2) may be produced
by a known preparation method.

[0051] The monomer mixture may contain a monomer other than TFE, the monomer (m1) and the monomer (m2).
[0052] Such other monomer may be at least one monomer selected from the following monomer (m3).

CF,=CF-O-Rf (m3)

wherein Rfis a C4_q, perfluoroalkyl group, a group having an etheric oxygen atom in a carbon-carbon bond of a C,_4q
perfluoroalkyl group, or a C,_4, perfluoroalkenyl group.
[0053] As the monomer (m3), for example, the following monomers (m3-1) to (m3-4) may be mentioned.

CF,=CF-O-CF, (m3-1)
CF,=CF-O-CF,CF,CF, (m3-2)
CF,=CF-O-CF,CF(CF,)-O-CF,CF,CF, (m3-3)
CF,=CF-O-CF,CF,CF=CF, (m3-4)

[0054] Further, as other monomer, at least one monomer selected from the following monomers (m4) to (m7) may
also be mentioned.

[0055] In the formulae, R is a fluorine atom, a C4_4, perfluoroalkyl group or a group having an etheric oxygen atom
in a carbon-carbon bond of a C,_4, perfluoroalkyl group. R is preferably a C4_g perfluoroalkyl group, more preferably
a trifluoromethyl group. The perfluoroalkyl group may be linear or branched and is preferably linear.

[0056] Each of R'2and R is a fluorine atom, a C4_4, perfluoroalkyl group or a group having an etheric oxygen atom
in a carbon-carbon bond of a C,_y, perfluoroalkyl group. R12 and R4 are each independently preferably a trifluoromethyl
group. The perfluoroalkyl group may be linear or branched and is preferably linear.
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[0057] R is a single bond, a C4_4, perfluoroalkylene group or a group having an etheric oxygen atom in a carbon-
carbon bond of a C,_4, perfluoroalkylene group. R13 is preferably a C,_4 perfluoroalkylene group or a group having an
etheric oxygen atom in a carbon-carbon bond of a C5_4 perfluoroalkylene group. The perfluoroalkylene group may be
linear or branched and is preferably linear.

[0058] R'5isafluorine atom, a C4_4, perfluoroalkyl group or a group having an etheric oxygen atom in a carbon-carbon
bond of a C,_4o perfluoroalkyl group. R1% is preferably a C4_, perfluoroalkyl group or a group having an etheric oxygen
atomin a carbon-carbon bond ofa C,_4 perfluoroalkyl group, more preferably a C4_4 perfluoroalkyl group, further preferably
a trifluoromethyl group. The perfluoroalkyl group may be linear or branched and is preferably linear.

[0059] Q is a single bond, a C4_4 perfluoroalkylene group or a group having an etheric oxygen atom in a carbon-
carbon bond of a C,_¢q perfluoroalkylene group.

d_ b ! :
o) O N~
N > o Yo o Yo
7N h \ o/ \
R 15
F,C—CF—R FoC—CF—QSO,F
(m 4) (m5) (m 6) (m7)

[0060] As the monomer (m4), for example, the following monomers (m4-1) to (m4-6) may be mentioned.

F/CxCF F/CﬂCF FCo—CF
O O G
~ _° N N A
C C C
PR VAN SN
F.¢~ CF; FiC CoFs FoC CsFys
(m4—-1) (m4 —2) {(md4—3)
F/C::C\F F/C:OF FCo——CF
) O O O O
N N N C/O
7 OF 7 CcF, F’ O CoFs
(md—4) (m4—5) (m4—6)

[0061] As the monomer (m5), for example, the following monomer (m5-1) or (m5-2) may be copolymerized.

FC—CF FC=CF
Q O 0 )
N
< e
F3C  CFCF,80,F FiC  CF,0CF,CF:50,F
(mb—1) (m5—2)

[0062] As the monomer (m6), for example, the following monomer (m6-1) or (m6-2) may be copolymerized.
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CF, CF,
*s; g
o/’ \O O/‘ \D
\ v\
FZC““’“’CF“"CFQ, FgC*““’CF’CcmFQCcmF3
(m6—1) (m6—2)

[0063] As the monomer (m7), for example, the following monomer (m7-1) to (m7-3) may be copolymerized.

i it e
C C C
O\/ \/O D\/ ‘\;) O/ \'O
FoC——CF-CF0CF,CF,80,F F,C—CF~CF,CF,CF,CF,80,F Fol—CF~CF,CF,80,F
(m7—-1) (m7—2) (m7—3)

[0064] As other monomer, for example, chlorotrifluoroethylene, vinylidene fluoride, vinyl fluoride, an a-olefin (such as
ethylene or propylene), a perfluoro a-olefin (such as hexafluoropropylene), a (perfluoroalkyl)ethylene (such as (perfluor-
obutyl)ethylene), a (perfluoroalkyl)propene (such as 3-perfluorooctyl-1-propene) or a perfluorovinyl ether may be men-
tioned.

[0065] The perfluorovinyl ether may, for example, be a perfluoro(alkyl vinyl ether) or a perfluoro(etheric oxygen atom-
containing alkyl vinyl ether).

[0066] In the present invention, the proportion of TFE is preferably from 5 to 70 mol%, and the proportion of the
monomer (m) is preferably from 30 to 95 mol%, to the total amount of the monomer mixture. In a case where the monomer
consists of TFE and the monomer (m), TFE and the monomer (m) are respectively selected within the above ranges so
that their total proportion will be 100 mol%.

[0067] In a case where the proportion of TFE and the proportion of the monomer (m) are within the above ranges, a
fluorinated polymer excellent in mechanical strength and chemical durability and having a high ion exchange capacity
is likely to be obtained.

[0068] The proportion of TFE to the total amount of the monomer mixture is more preferably from 5 to 65 mol%, further
preferably from 5 to 60 mol%, particularly preferably from 5 to 55 mol%. When the proportion of TFE is at least the lower
limit value of the above range, the resulting fluorinated polymer is excellentin mechanical strength and chemical durability.
When the proportion of TFE is at most the upper limit value of the above range, the content of the monomer (m) in the
fluorinated polymer can be made high, whereby the ion exchange capacity of the fluorinated polymer can be made high.
[0069] The proportion of the monomer (m) to the total amount of the monomer mixture is particularly preferably from
35 to 95 mol%. When the proportion of the monomer (m) is at least the lower limit value of the above range, a fluorinated
polymer having a high ion exchange capacity is likely to be obtained. When the proportion of the monomer (m) is at
most the upper limit value of the above range, the content of TFE in the fluorinated polymer can be made high, whereby
the fluorinated polymer is excellent in mechanical strength and chemical durability.

[0070] Inacase wherethe monomer mixture contains the above other monomer, the proportion of such other monomer
to the total amount of the monomer mixture is preferably from 0 to 75 mol%, more preferably from 0 to 70 mol%, further
preferably from 0 to 65 mol%, particularly preferably from 0 to 60 mol%. When the proportion of other monomer is within
the above range, effects obtained by TFE and the monomer (m) are less likely to be impaired.

[0071] A part of monomer may not be dissolved in the polymerization medium and present in a vapor phase partin a
reactor, and such a monomer present in the vapor phase part is considered as a part of the monomer mixture.

[0072] The polymerization medium contains as the main component a C4_4o cyclic HFC. "Containing as the main
component a C,4_4¢ cyclic HFC" means a proportion of the C4_1¢ cyclic HFC to the total mass of the polymerization
medium (notincluding a monomer such as the monomer (m)) being at least 70 mass%. The proportion of the cyclic HFC
is preferably at least 80 mass%, more preferably atleast 90 mass%, further preferably atleast 95 mass%, most preferably
100 mass% (that is, the polymerization medium consists solely of the cyclic HFC).

[0073] The number of carbon atoms of the cyclic HFC is from 4 to 10, preferably from 4 to 8, more preferably from 4
to 6. When the number of carbon atoms of the cyclic HFC is at least the lower limit value of the above range, it is possible
to prevent the polymerization medium from having a too low boiling point. When the number of carbon atoms of the
cyclic HFC is at most the upper limit value of the above range, it is possible to prevent the polymerization medium from
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having a too high boiling point.

[0074] The cyclic HFC preferably has fluorine atoms in the same number or more as hydrogen atoms. That is, the
ratio (Ng/Ny) of the number (Ng) of fluorine atoms to the number (N) of hydrogen atoms in the cyclic HFC is preferably
at least 1, whereby chemical stability of the cyclic HFC during polymerization is maintained. Ng/Ny is preferably at least
1, more preferably from 1 to 17, particularly preferably from 1 to 11.

[0075] Asspecificexamplesofthe cyclicHFC, 1,1,2,2,3,3,4-heptafluorocyclopentane, 1,1,2,2,3,3-hexafluorocyclopen-
tane, 1H,2H-octafluorocyclopentane, 1,2,3,4,5-pentafluorocyclopentane, 1,1,2,2,3,4,5-heptafluorocyclopentane, 1H-
nonafluorocyclopentane, 1,1,2,2,3-pentafluorocyclobutane, 1,1,2,3,3-pentafluorocyclobutane, 1,1,2,2,3,3-hexafluoro-
cyclobutane, 1,1,2,3,3,4-hexafluorocyclobutane, cis-1,1,2,2,3,4-hexafluorocyclobutane, trans-1,1,2,2,3,4-hexafluorocy-
clobutane, 1,2,3,4,5,6-hexafluorocyclohexane, 1,1,2,3,4,4,5,6-octafluorocyclohexane and 1,1,2,2,3,3,4,4-octafluorocy-
clohexane may be mentioned. Among them, in view of availability, 1,1,2,2,3,3,4-heptafluorocyclopentane or 1H,2H-
octafluorocyclopentane is preferred.

[0076] The cyclic HFC may be used alone or in combination of two or more.

[0077] The polymerization medium may contain a polymerization medium other than the C4_4o cyclic HFC. Other
polymerization medium may, for example, be a chain HFC.

[0078] The chain HFC may, for example, be C,FsC,Hg, CHF,CF,CF,CHF,, CH3;CF,CFHCF;, CF3CH,CF,CHj,
CF3;CFHCFHCF,CF3, (CF3),CFC,Hs, CH3CHFC,F5CoHs, CH3CF,CF,CF,CFyH, C4FgCoHs, CoF5CoHLCoF s,
(CF3),CFCHFCHFCF5, CH,CF,CF,CF,CF,CF,CF,H, CgF3H, CgF43CoH5, CoH5CoF4CoHs or CgF47C5H5. The chain
HFC may be used alone or in combination of two or more.

[0079] The proportion of the C4_4¢ cyclic HFC in the polymerization medium is at least 50 mass%, preferably at least
60 mass%, more preferably at least 70 mass%, particularly preferably 100 mass%. The higher the proportion, the higher
the polymerization rate, and the higher the molecular weight of the fluorinated polymer.

[0080] In the present invention, the monomer mixture is polymerized by polymerization using the polymerization me-
dium containing the cyclic HFC as the main component.

[0081] As the polymerization method, known polymerization method such as solution polymerization, suspension
polymerization or emulsion polymerization may be employed, and solution polymerization or suspension polymerization
is preferred, and solution polymerization is more preferred.

[0082] As aradical initiator used for the polymerization, for example, a bis(fluoroacyl) peroxide, a bis(chlorofluoroacyl)
peroxide, a dialkyl peroxydicarbonate, a diacyl peroxide, a peroxyester, a dialkyl peroxide, a bis(fluoroalkyl) peroxide,
an azo compound or a persulfate may be mentioned.

[0083] The molar ratio of the monomer (m) to the polymerization medium in the polymerization is preferably from 0.1
to 100, more preferably from 0.3 to 90, further preferably from 0.5 to 80, particularly preferably from 0.7 to 70. When the
molar ratio is at least the lower limit value of the above range, a polymer having a relatively low ion exchange capacity
can be prepared at an appropriate reaction rate. When the molar ratio is at most the upper limit value of the above range,
such is suitable for polymerization of a monomer mixture to obtain a polymer having a relatively high ion exchange
capacity.

[0084] The polymerization temperature is preferably from 10 to 150°C, more preferably from 15 to 130°C. The pressure
at the time of polymerization is preferably from 0.0 to 2.0 MPaG, more preferably from 0.05 to 1.5 MPaG.

[0085] The polymerization time is preferably from 2 to 30 hours, more preferably from 3 to 25 hours.

[0086] The TQ value of the fluorinated polymer produced by the present invention is preferably from 150 to 340°C,
more preferably from 170 to 300°C. When the TQ value is at least the lower limit value of the above range, when such
a fluorinated polymer is formed, the formed product has favorable strength. When the TQ value is at most the upper
limit value of the above range, the forming property when the fluorinated polymer is formed will be favorable.

[0087] In the fluorinated polymer produced by the present invention, the proportion of the units (TFE) is preferably
from 5 to 90 mol%, and the proportion of the units (m) is preferably from 5 to 35 mol%, in all units. In a case where the
fluorinated polymer consists of the units (TFE) and the units (m), the proportion of the units (TFE) and the proportion of
the units (m) are respectively selected from the above ranges so that their total proportion is 100 mol%.

[0088] In acase where the proportion of the units (TFE) and the proportion of the units (m) are within the above ranges,
a fluorinated polymer excellent in mechanical strength and chemical durability and having a high ion exchange capacity
is likely to be obtained.

[0089] The proportion of the units (TFE) to all units in the fluorinated polymer is more preferably from 5 to 85 mol%,
further preferably from 6 to 85 mol%, particularly preferably from 7 to 84 mol%. When the proportion of the units (TFE)
is at least the lower limit value of the above range, the fluorinated polymer is excellent in mechanical strength and
chemical durability. When the proportion of the units (TFE) is at most the upper limit value of the above range, the content
of the units (m) in the fluorinated polymer can be made high, whereby the ion exchange capacity of the fluorinated
polymer can be made high.

[0090] The proportion of the units (m) to all units in the fluorinated polymer is more preferably from 10 to 33 mol%,
further preferably from 13 to 31 mol%, particularly preferably from 15 to 31 mol%. When the proportion of the units (m)
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is at least the lower limit value of the above range, a fluorinated polymer having a high ion exchange capacity is likely
to be obtained. When the proportion of the units (m) is at most the upper limit value of the above range, the content of
TFE in the fluorinated polymer can be made high, whereby the fluorinated polymer is excellent in mechanical strength
and chemical durability.

[0091] When the fluorinated polymer contains the above other monomer, the proportion of units based on other
monomer to the total amount of the monomer mixture is preferably from 0 to 75 mol%, more preferably from 0 to 74
mol%, further preferably from 0 to 73 mol%, particularly preferably from 0 to 72 mol%. When the proportion of the units
based on other monomer is within the above range, the effects obtained by the units (TFE) and the units (m) are less
likely to be impaired.

[0092] As described above, in the present invention, as the polymerization medium when TFE and the monomer (m)
are polymerized, a polymerization medium containing as the main component a C,_;o cyclic HFC is used, whereby the
polymerization rate of TFE and the monomer (m) is high, thus leading to excellent productivity of the fluorinated polymer,
as compared with a case where a chain HFC is used as the polymerization medium. Further, excessive progress of the
chain transfer reaction during polymerization is suppressed, whereby a high molecular weight fluorinated polymer can
be stably obtained. Further, a C4_4q cyclic HFC has a low GWP as compared with a chain HFC, whereby environmental
burden can be reduced.

[Method for producing fluorinated polymer having functional groups]

[0093] The method for producing a fluorinated polymer having functional groups of the present invention is a method
which comprises producing a fluorinated polymer by the method for producing a fluorinated polymer of the present
invention, and converting groups convertible to sulfonic acid groups in the fluorinated polymer into sulfonic acid groups,
or converting groups convertible to carboxylic acid groups to carboxylic acid groups.

[0094] As a method of converting the groups convertible to sulfonic acid groups in the fluorinated polymer to sulfonic
acid groups, a known method may be employed, such as a method disclosed in WO20111013578. Specifically, for
example, as a method of converting -SO,F groups to acid-form sulfonic acid groups (-SOsH groups), a method of
hydrolyzing the -SO,F groups in the fluorinated polymer by bringing them into contact with a base to be formed into salt-
form sulfonic acid groups, and forming the salt-form sulfonic acid groups into acid-form by bringing them into contact
with an acid to be converted to acid-form sulfonic acid groups, may be mentioned.

[0095] Asamethod of converting the groups convertible to carboxylic acid groups in the fluorinated polymer to carboxylic
acid groups, the same method as the method of converting the groups convertible to sulfonic acid groups to sulfonic
acid groups may be mentioned.

[0096] AR of the fluorinated polymer having functional groups produced by the present invention is preferably from
0.5 to 2.5 meq/g dry resin, more preferably from 0.7 to 2.3 meq/g dry resin. When AR is at least the lower limit value of
the above range, sufficient ion exchange property of the fluorinated polymer can be secured. When AR is at most the
upper limit value of the above range, the molecular weight of the fluorinated polymer can be made high, and when such
a fluorinated polymer is formed into a formed product such as a membrane, the formed product has sufficient strength.

[Method for producing electrolyte membrane]

[0097] The method for producing an electrolyte membrane of the present invention is roughly classified into two types
of the following method (x-1) and method (x-2).

(x-1) A method of forming a membrane by using the fluorinated polymer produced by the present invention and
converting precursor groups to ion exchange groups.

(x-2) A method of forming a membrane by using a fluorinated polymer having functional groups produced by the
present invention.

Method (x-1):

[0098] As a method of forming the fluorinated polymer into a membrane, in view of excellent melt flowability of the
fluorinated polymer, preferred is extrusion, pressing or orientation.

[0099] As a method of converting precursor groups in the fluorinated polymer to ion exchange groups after formation
of the membrane, the method described in the method for producing a fluorinated polymer having functional groups may
be employed.

[0100] After converting the precursor groups to ion exchange groups, so as to stabilize the electrolyte membrane,
heat treatment is preferably carried out. The heat treatment temperature is preferably from 130 to 220°C, although it
depends on the type of the fluorinated polymer. When the heat treatment temperature is at least 130°C, the fluorinated
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polymer will not excessively be hydrated. When the heat treatment temperature is at most 220°C, heat decomposition
of ion exchange groups is suppressed, and a decrease of the proton conductivity of the electrolyte membrane is sup-
pressed.

Method (x-2):

[0101] Asamethod of forming the fluorinated polymer having functional groups into a membrane, preferred is a method
(cast method) of applying a liquid composition of the fluorinated polymer having functional groups to a substrate, followed
by drying. The liquid composition is a dispersion having the fluorinated polymer having functional groups dispersed in
a dispersion medium containing an organic solvent having a hydroxy group and water.

[0102] The organic solvent having a hydroxy group may, for example, be methanol, ethanol, 1-propanol, 2-propanol,
2,2, 2-trifluoroethanol, 2,2,3,3,3-pentafluoro-1-propanol, 2,2,3,3-tetrafluoro-1-propanol, 4,4,5,5,5-pentafluoro-1-penta-
nol, 1,1,1,3,3,3-hexafluoro-2-propanol,  3,3,3-trifluoro-1-propanol,  3,3,4,4,5,5,6,6,6-nonafluoro-1-hexanol  or
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-octanol. The organic solvent having a hydroxy group may be used alone or in
combination of two or more.

[0103] After formation of the membrane, in the same manner as the method (x-1), heat treatment is preferably carried
out to stabilize the electrolyte membrane.

[0104] The electrolyte membrane obtained by the production method of the present invention is suitably used as an
ion exchange membrane used for electrolysis of sodium chloride or a membrane/electrode assembly of a polymer
electrolyte fuel cell.

EXAMPLES

[0105] Now, the present invention will be described in further detail with reference to Examples. However, it should
be understood that the present invention is by no means restricted thereto. Ex. 1 is an Example of the present invention,
and Ex. 2 and 3 are Comparative Examples.

(Polymerization reactivity)

[0106] In production of a fluorinated polymer in each Ex., the polymerization rate Rp (g/h-L) was calculated from the
following formula to evaluate polymerization reactivity. A higher Rp value means more favorable polymerization reactivity.

Rp=W1/(T1xV1)

wherein W1 is the yield (g) of the fluorinated polymer, T1 is the polymerization time (h), and V1 is the total volume (L)
of the monomers and the polymerization medium used for polymerization.

(AR)

[0107] In a polycarbonate container, 0.7 g of the fluorinated polymer having functional groups and 10 mL of a 0.35 N
sodium hydroxide aqueous solution were added, and left at rest at 60°C for 40 hours to completely convert sulfonic acid
groups in the fluorinated polymer having functional groups to Na-form. The solution was subjected to back titillation with
a 0.1 N hydrochloric acid to obtain the amount of sodium hydroxide in the solution, thereby to calculate AR (meqg/g dry
resin) of the fluorinated polymer.

(TQ value)

[0108] The amount of the fluorinated polymer extruded was measured at various temperatures using Flow Tester
CFT-500A (manufactured by Shimadzu Corporation), and the TQ value at which the amount extruded became 100
mm3/sec was obtained.

(Abbreviations)

[0109]

TFE: Tetrafluoroethylene (CF,=CF,)

1"
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PSVE: CF,=CFOCF,CF(CF3)OCF,CF,SO,F

HFC-c-447ef: 1,1,2,2,3,3,4-heptafluorocyclopentane (ZEORORA H, trade name Zeon Corporation, GWP: 250)
AC2000: C4F43H (ASAHIKLIN (registered trademark by Asahi Glass Company, Limited) AC-2000 GWP: 2000)
AE3000: CF3CH,OCF,CF,H (ASAHIKLIN (registered trademark by Asahi Glass Company, Limited) AE-3000)
AIBN: 2,2’-azobis(isobutylonitrile)

(Ex. 1)

[0110] Into a stainless steel autoclave having an internal capacity of 230 mL, 131.71 g of PSVE, 36. and 14 g of HFC-
c-447ef as a polymerization medium and 22.2 mg of AIBN were charged, and under cooling with liquid nitrogen, the
interior in the autoclave was sufficiently deaerated. After the temperature was raised to 75°C, TFE was introduced to
adjust the pressure to be 1.305 MPaG. TFE was continuously supplied while the temperature and the pressure were
kept constant. 4 hours after initiation of polymerization, the autoclave was cooled to terminate the polymerization reaction.
The amount of TFE continuously introduced was 10.60 g.

[0111] The reaction liquid drawn from the autoclave was diluted with 100 g of AC2000, and 400 g of AE3000 was
added to agglomerate the resulting fluorinated polymer, followed by filtration. An operation of adding 250 g of AE3000
to the fluorinated polymer, followed by stirring, washing and filtration, was conducted twice, and then vacuum drying at
80°C for 16 hours was conducted to obtain 22.94 g of a fluorinated polymer.

[Ex. 2, 3]

[0112] A fluorinated polymer was obtained in the same manner as in Example 1 except that the amounts of the
monomers used, the type and the amount used of the polymerization medium, the amount of the catalyst used, and the
polymerization reaction conditions were changed as identified in Table 1.

[0113] The yield of the fluorinated polymer obtained, the polymerization rate calculated from the yield and the reaction
time, AR and TQ in each Ex. are shown in Table 1.

[Table 1]
| Monomer Polymerization medium Catalyst Polymerization reaction conditions
" Amount | Monomer/polymerization Amount Polymerization
TFE | PSVE Temperature | Pressure
Type  used medium Type | used | time
lgrr o]l x ‘ ! [°Cl (MPaG]
] [molimal] - [mg] {h]
Ex. 1 510.60 131.71 | HFC-c-447ef | 36.14 1.60 AIBN | 22.20 75 1.305 4.0
"Ex.2 | 978 | 9200 | CeF1/CaHs | 68.00 136 AIBN | 79.04 70 - 1.040 7.9
' Ex. 3 10.20 | 114.98 AC2000 5145 1.80 (AIBN | 21.50 75 ;1160 6.0
[Table 1] continued
| AR
Rp Yield o TQ
[meg/g |
[g/h-L] {gl R B A
dry resin} -
Ex. 1 57.9 22.94 1.099 | 221
Ex.2 239 18.24 1.068 182
Ex.Sf 322 18.78 1.000 | 222

*TFE: total amount of TFE supplied fo the autoclave during polymerization

[0114] As shownin Table 1, in Ex. 1 in which a C4_4¢ cyclic HFC was used as a polymerization medium, a fluorinated
polymer having a high TQ and a sufficient molecular weight was obtained and further, the polymerization rate was high.
[0115] On the other hand, in Ex. 2 in which CgF;7C,Hs which is a chain HFC was used, the polymerization rate was
low as compared with Ex. 1, and further, the TQ value was low and the molecular weight of the fluorinated polymer was
low. Further, in Ex. 3 in which AC2000 which is a chain HFC was used, the polymerization rate was low as compared
with Ex. 1.

[0116] The entire disclosures of Japanese Patent Application No. 2017-121534 filed on June 21, 2017 and Japanese
Patent Application No. 2017-201067 filed on October 17, 2017 including specifications, claims, drawings and summaries
are incorporated herein by reference in their entireties.
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Claims

1.

A method for producing a fluorinated polymer, which comprises polymerizing a monomer mixture containing
tetrafluoroethylene and a fluorinated monomer having a group convertible to a sulfonic acid group or a carboxylic
acid group in a polymerization medium, wherein the polymerization medium contains as the main component a
C4.10 cyclic hydrofluorocarbon.

The method for producing a fluorinated polymer according to Claim 1, wherein the fluorinated monomer is a vinyl
ether having a group convertible to a sulfonic acid group or a carboxylic acid group.

The method for producing a fluorinated polymer according to Claim 1 or 2, wherein the proportion of tetrafluoroeth-
ylene is from 5 to 70 mol%, and the proportion of the fluorinated monomer is from 30 to 95 mol% to the total amount
of the monomer mixture.

The method for producing a fluorinated polymer according to any one of Claims 1 to 3, wherein the fluorinated
polymer has a TQ value of from 150 to 340°C.

The method for producing a fluorinated polymer according to any one of Claims 1 to 4, wherein the fluorinated
monomer contains at least one member selected from the group consisting of a monomer represented by the
following formula (m1) and a monomer represented by the following formula (m2):

CF2 = CF(CFz)p-(Oq)-(CFzCFX1)r-(O)S-(CFz)t-(CFzCFX2)U|-A1 (m1)
Q''-so.F
CF2 =CF(CF2)yOCF2-CZ' ce+(m2)
Q'*~S0.F

wherein X! and X2 are each independently a fluorine atom or a trifluoromethyl group, A' is a group convertible to a
sulfonic acid group or a carboxylic acid group, pis Oor 1, qis 0 or 1, ris an integer of from O to 3, sis 0 or 1, tis an
integer of from 0 to 12, u is an integer of from 0 to 3, and 1 = r+u; and Q' is a perfluoroalkylene group which may
have an etheric oxygen atom, Q12 is a single bond or a perfluoroalkylene group which may have an etheric oxygen
atom, Z1is a fluorine atom or a monovalent perfluoroorganic group, and v is 0 or 1.

The method for producing a fluorinated polymer according to any one of Claims 1 to 5, wherein the fluorinated
monomer is CF,=CFOCF,CF(CF3)OCF,CF,SO,F, CF,=CFOCF,CF,SO,F, CF,=CFOCF,CF,CF,CF,SO,F or
CF,=CFCF,0OCF,CF,CF,SO,F.

The method for producing a fluorinated polymer according to any one of Claims 1 to 5, wherein the fluorinated

monomer is the following monomer (m2-1), (m2-2) or (m2-3):

/CF2CF2—80zF
CF,=CFOCF2—CF (m2-1)
OCF,CF3—80,F

/CFZOCcmFz“SOQ F

CF,=CFOCF2—CF (m2-2)
OCF,CF,—S0,F
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Y, CF>QCF,CF>—80,F
CF>=CFCFOCF>—CF {m2-3)
QCF.CFa—S0OsF

The method for producing a fluorinated polymer according to any one of Claims 1 to 7, wherein the cyclic hydrofluor-
ocarbon has fluorine atoms in the same number or more as hydrogen atoms.

The method for producing a fluorinated polymer according to any one of Claims 1 to 8, wherein the cyclic hydrofluor-
ocarbon is 1,1,2,2,3,3,4-heptafluorocyclopentane or 1H,2H-octafluorocyclopentane.

The method for producing a fluorinated polymer according to any one of Claims 1 to 9, wherein the content of the
cyclic hydrofluorocarbon is at least 50 mass% in the entire polymerization medium.

A method for producing a fluorinated polymer having functional groups, which comprises producing a fluorinated
polymer by the method for producing a fluorinated polymer as defined in any one of Claims 1 to 10, and converting
groups convertible to sulfonic acid groups in the fluorinated polymer to sulfonic acid groups, or converting groups
convertible to carboxylic acid groups to carboxylic acid groups.

A method for producing an electrolyte membrane, which comprises producing a fluorinated polymer by the method
for producing a fluorinated polymer as defined in any one of Claims 1 to 10, forming a membrane by using the
fluorinated polymer, and then converting groups convertible to sulfonic acid groups to sulfonic acid groups, or
converting groups convertible to carboxylic acid groups to carboxylic acid groups.

A method for producing an electrolyte membrane, which comprises producing a fluorinated polymer having functional
groups by the method for producing a fluorinated polymer having functional groups as defined in Claim 11, and

forming a membrane by using the fluorinated polymer having functional groups.

The method for producing an electrolyte membrane according to Claim 12 or 13, wherein the fluorinated polymer
having functional groups has an ion exchange capacity of from 0.5 to 2.5 meq/g dry resin.

14
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